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Recent emphases cn placement dnstruoents arise from a trend toward the
admission into mcny colleges of students who do not have traditional scademic
skills. These kinds of admission practices result in a need for special pro-
grams suited for handiing students of diverse Dackground and preparatioa. In
discussing this probiem, Willinghan (197%) points to several shifts that have
ccc.rred since the late 1950's in the way higher education has adapted to
individual differences among students. 1In the post-Sputnik era there was a
fascination with high-level scientific talent, in the mid-1960's there was a
shift to more generally selective admissions because of a ropulation bulge im
the 18-year-old age group, and in the late 1960’s open admission policies came
about in response to societal demands. Willingham then notes that:

Yore recently it has become clear that access is not enough and
that an equally ctitical problem is how to provide a useful education
for studeats with very different needs and very differeat backgroundc—
i.e., how to deal effectively with wide individual differences that
result from free-access policies. From the standpoint -of assessing
individual differences, the emphasis has changed from identifying
students to determining How to educate-them. Turnbull (1974) has
called it a shift froa "which" to "now"” (p. 1). .

Colleges throughout the country are now experimenting with methods for
handling the diversity of entering students. Remediai and compensatory pro-
zrams, mastery teaching, and personalized systems of instruction represent
some of the approaches being tried. Which of the various placement, exermption,
and instructional techniques works best, however, is not yet known. But it is

clear that placement tests are needed to assist colleges with the instructional

problems they face. As new placement instruments are developed, a need arises

}Based upon résearch conducted while the junior author was a Summer Fellow at
the Educational Testing Service, Princeton, New Jersey.
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to study how they may be used most effec:iéely'hnd how they might #g ixproved.
) ] This paper is based upon experiences cbtained during studies of an experi-

aental English placemen: test. The following secticns describe methods used,

results cbtained, 2nd caveats and suggestions for future studies of placement

tests.

Coantent Analyses

. If a test is to be used to identify students-whc have mastered certain
material, it is important that it adequately cover relevant topics. A proper

placement test will assess a domain of knowledge, skills, and aptitudés that

-

is taught in some spetific course of instruction or sequence of iqssructicn.
Given a large domain and limited time in which to Wsess_it—which is usually
the case—judgments must be made to determine what content is post important

and what content is best measured within tlie confines of a particular form of
assessment (e.g., 2 multiple-choice paper-and-pencil test). 7o maxe decisions
of this type, committees of subject-matrer speciaiists convene to provide a
‘broad perspective of th~ domair in question. National surveys are also usually
necessary to determine the most equitable representation of topics for a partic-
ular test. Following the ccénstruction of a test, other groups judge its

-

representation of the domain of interest as well as its appropriateness for

particular applications.

To .1learn what college English teachers thought of the content of the exper-—
imental English placement test being studied, questionnaires were sent to 200

English professbrs in 200 different colleges. The results of this content

study showed that, despite considerable controversy within the Englisn teaching
profession over what should be taught (as judged from journals and national con~
ventions), there was surprising agreement when professors were aéked to rate
specified areas of instructional content. The experimental Engli;b placement

« test fared well by this analysis;

14
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Correlational Analyses

Various researchers have guestioned the utiliry of :raditionai'c$r£elé—
tional analyses for the study of placement trests (Crontach, 1971;-ﬂills, 1971;
Snow, 1972). Xevertheless, traditions persevere and one nag expect that nany
will continue to consider the correlatien cceéficient as an icportant element
in any test analysié. Tatle 1 presents a matrix of correlations relevant to
the study ;f the experimental English place:cni test (abbreviated as EEPT in
Variables 10 and 12 of Table 1). C(~~sideration of the EEPT pretest, Variable
12, shows reasonable coriela:ions with variables the test would be expected to
relate to. XNote, especially, the correlations of .39 with Fall Gradesz, 43
with an Essay Pretest, .42 with thne Essay Posttesf graded holisticaily, .52
with the Essay Posttest graded for grammar, usage, and sentence structure (butf
abbreviated as simply Grammar in Table 1), and .64 with SAT-Verbal. Observe,
also, that the bestrpredictors of the Essay Posttest score (administered in the
spring of the freshman year); Vnriéblc 4, were Variables 11, 12, and 13, CLEP
English Composition, the E£EPT Pretest, and the SAT-V Pretest, respectively--all
administered at the begi;ning of or prior to the freshman year of instruction.
High School Rank, whether self-reported or college-reported, Variables 9 and 14,
tends to have lower correlations with irmportant outcome variables.

¥While these correiational analyses are interesting-—and suggestive of tue
usefulaess of English placement tests like that being studied——tenptations to
make too much.of then should be avoided. Cronbacg (1971, ».500) has asserted
that "A 'validity coefficient’ indicating tnat test X predicts success within a
treatment tells nothing about its usefulness for placement." 1In the sense that

regular freshman Lnglish composition is a “treatment,” such a view is applicable”

in the present study. Other writers sve espoused a position similar to that of

7 *

2 }
For short-sequence students, that is, regular freshman English students as
contrasted to students placed in a longer sequence for purposes of remedia-
tion, compensatory programming, or vertical sectioning.

J
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Cronbach (e.g., Snow, 1972; Hills, 1971; Thorndike, 1971).

Trait-Treatment Interactiog‘Analyses

Trait-treatment interaction (TT1) znalysis is considered by some researchars
to be the most useful method for analyzing placement tests (Cronbach, 1971;
Willingpam, 1974). In the instructional setting, an interaction implies that
:hé advaatage of a2 long-sequence of instruction over a short-sequegce of instruc-
tion varies according-to the level of the placement test score obtained prior
to iastruction.3 The notion of TTI is inherent in the logic of placing _
students with different levels of knowledge in different educational treatments.
The question of interest in a placemeat situation is "Kill a student be better
off in the normal treatment or in an alternative treatment?” An answer to this

question clearly requires information comparing outcomes for ; particular place~ )
ment score for both the conventional and the alternative treatment gro&psg\
The importance and usefviness of the TTI is best understcod by examining
the regression of the end-of-sequence criterion on the placement test for the
two groups of interest: (i} students placed in long~sequence inétryction, and
(2) students placed in short-sequence instruction. 1In the optimai case, the
regression lines will differ substantially between treatments, as shoén in

- ]
Figure 1. Note that the regression line for the long-sequence group is relatively

flat, while the regression line for the short-sequence group is steeper. The
advantage of placement into therlong-sequence for those on the lower portion of
the placement test scale is apparent from an inspection of the‘differences in
the régression lines. Regression line C-D, in Figure 1, represents what might
be expected if students were randomly placed (regardlkss of placement test

score) in a special long-sequence of instruction, such as a. remedial English

3The term, long~sequence, includes both remedial instruction yf longer duration
than regulax (short-sequence) instruction and non-remedial instruction of long-

er duration than regular instruction.

7




End-of-Sequence Criterion

L]
/ Students scoring in the ranges
= / N indicated by dashed lines may

. // be inappropriately placed.

-

Low Placement Test High

Figure 12 Illustration of the TTI assumption in the case
of placement.

=

aAdapted from Willingham (1974)
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course of some kind of compensatory progranriing. The end-of-sequence criterion

might be course grades at the completiﬁn of 2 regular course in, say, freshman
English. The regular course represents the end of the long-sequence; the
remedial course is only the first part of the long—sequenbe. Therefore, grades
in the remedial course are not approﬁriqte for use as a criterion in the TTI

anaiyces. Line C-D shows that students with lower scores on the placement test

* hd - . -

performed better atfthe end of instruction than did similar students who were

placed in the sho. .~ (regular) sequence tepreseﬂféq by 1line A-B. The regression

“ lines of Figure 1 are, of course; hypothetical. These kinds of outcomes will

not occur unless the placement instrument is finely tuned to the instruction—-
1 . . . . A\ .
especially to the remedial instruction. .

Methodology for. TTI1 Ana;ﬁsis. The analysis of TTI data is a process of

comparing the within-treatment regressions of a suitable criterion variabsie on

-

the placement test. an-parallel regression lines indicate that a trait-

- \ - -
treatment interaction exists. There are different kinds of interactions,

however. Using the language of Cronbach and Gleser (1965), ordinal interactions

-

are indicated by non-parallel lines which do not intersqct in the range of inter-

est, whereas disordinal interactions are indicated by lines which interséét in

the range of interest. Clear1§} disordinal interactions (see”Figure 1) gre‘gf

”

primary interest for placement decisions. Assuming a valid criterion variable °

-

is available, the point of intersection provides a straightforward cutting

-

point for,assignment to alternative educational treatments.

Tﬂefstati§tical comparison of two regression lines requires Epat the two
groups have similar distributions. One measure of importance is the variance
about the regression linés (residual variance); the rgéidual variances should
be equal or nearly equal for proper comparison of the reg;és§ion lines. ;Laéée—
sample te;ts of the hypothesis ef equal residual variances are provided by

-

Gulliksen and Wilks (1950) and Stroud (1972).

9 ”
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If the re- idual variances are not significantly different, the next step j

is the test for ‘equal regression slopes. Establishing a difference in regres-

" sion slopes is the key evidence in the detection of a trait—treatment inter-
action. Standard regression theory (e. g., Kendall & Stuart, Vol. 11, 1967,

p. 371-372) provides a t-test, or an equivalent F-test, for the significance 6f

the difference of the estimated regression slopes. Unfortunately, tests for

interaction have relatively little power (Cohen, l969; Cronbach & Snow, in

press). Consequently, failure to reject the null hypothesis of equal regression

»

slopes, when sampl®s ‘dre not large, cannot be regarded as conclusive evidence of .
- - - ¥

*

the absence of TTI. Examination of the estimated regression~slopes and the
associated confidence intervals supplements the hypothesis testing and provides ////4

a more detailed description of the data and of the likelihood of TTI.
Investigating the possibility of a disordinal interaction is the final

step in, the fTI r:gression analysis. Graphical inspection is often useful for ’

a, rough determinationl StatisticaI inferences’can be made for the po%nt of

intersectibﬂ of the teéression fines. If the true'cutting-score (the abscissa. .

of the point of intersectionL which we denote as X, lies in the range of inter-

est of the predictor’variable (the placément test score)a then a useful

disordinal interaction'exists. 'Robison (1964) demonstrated, under the assumption .

%

of equal residual variances, that the maximum likelihood estimator of X, is

] - e— e

~ — a a .
cx o= 1= 2 , where

ag and bi are the estimated intercept and slope, respectively, for the regression ’

equation in group i. Kastenbaum £l959) derives confidence intervals for x, - o

- -

(assuniing normality) Based on the t-distribution. The width of this confidence

o A -

interval is a measure of ,the precision and, therefore, the usefulness of the
cutting score. Tnisﬂconfidence interval for X, is identical with the region of . .

hed

. ; .
nongignificarce obtained from the Johnson-Neyman Technique with one predictor.

4




Some Results of-TTI Analyses
ﬂRegression analyses were performed on the schools in the study which pro-, ~ -

. L -
- vided sufficient data. The variances about the regression lines for the two

.

placément groups for each of the schools were first examined. Most of the .

1 4 i
tandard errors of estimation were quite similar within schools and the null

n

"hypothesis of no difference was tenable. ’ -
Table 2 shows the number of cases determining each regression.line (N),

the estimated regression slopes (b), the standard deviations (3(b)), and the

- ¢ . - Iy Py v ) " ° -
estimated intercept of the regression lines (a). Also shown is the estimated ’

.

reliability of the experimental test for each group within each school (rxé.) p

£

* along with the regression slopss corrected (b*) for the attenuating effect of

méssurement error in ghe;éEPT scores. Although the reliabilities between =~
schools vary considerably, the;reliabilities betseep groups with}n the schools
are quite similar. This within-school similarity of estimated reliabilities
.'1ends some credib&lity to the‘assumption that the t-test fq£~squality 6f .
observed'regression slopes is a feasonable, albeit approximate, substitute for
. an exaqt‘test for the equality of estimated regression slopes for true scorss.

& 2 . - .
" 0f course, the stability of the regression coefficients deter@ined

<

gepends strongly‘on theksample size. Cdnsequgntly,'signifiéahce tests for ,
L]

differences of regréssioﬁ slopes will have much ‘more power in the schools with

t
-

. -~ e —

. . “~
large sample sizes. Because of small sample sizes inp some of the schools,

apprec1able differences in the regre331on slopes will usually fail -to be signi—

ficant. In this exploratory analysis, effects that were not stacistically

significant were not disregarded, but conclusions from these effects were viewed
v - * <
with appropriate cautions. i

* L . .h

Figure 2 illustratés'a)typical reporting of tﬂe-results of a TTI analysis .

’ = rrm—

of placement test data. For each school the within—grohp regféssion—lines are

Ay .
P —

.
° -

plotted. The indicated F-test for differénces in ‘'slopes is performed to’
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3.0

2.0

1.0

Short-sequence

/ (N = 711)

Long-sequence

. {N = 452)
e - h
s ™ "092| ¥ - ¢6.58
b, =.033) P 01
o f - i
20 30 40 50 60
. v
e EEPT™ Score
Figure 2, Regression lines foerSTIégewc._“
Notes: - ﬁ\. e~
1. An experimental English placement test. I
2. The dots indicate the group means. i
3. The F statistic indicated is for the
. hypothesis of equal regression slopes. -
) "4, -If-b* is used to determine the regres~-
sion lines, the point of intersection
‘decreases slightly.
- 5. The symbols, a , a,, b_, and~b.. represent

intercepts (a) and slopes (b) for
short (s) and long (1) sequence instructional
groups.




establish the TTI effect. Finaily, the estimazed cutting score ib is shown.

Ed

Some Unsolved Problems in TTI Anzlysis. Implicif in decisions to place

students in differest iastructional treatments is the assumption that the trait
used for placement and thé treatment interact.. In other words, the:assungtion
is that optimum learning, or some other optimum oufcome, is maximized by the

A Y

placement procedure. Irplicit in all of‘these assumptions is one that is per-

haps less apparent. This is the assumption that, even if desired sducational

outcomes are maximized by the placement procedures, there is also an economic

or other justification for the placenent—-for_exa-ple, that it is worth an extra

-

allocation of financial resources to bring about optiaum educational outcomes.

- -

Although it is of considerable importance, an analysis incorporating the full
decision-theoretic framework, including costs, is beyond the scope of this
pasper. .

Despite the theoretical attractiveness of TTI, in practice it has not often
been as useful as hoped. More often than not, interactions of the type desired
fail tq occur. Reasons why TTi’s are difficult to conduct include:

(1) Bias and unreliability in common student perforngnce-criteria,

such as grades.

(2) Uncontrolled instructional variables. Interacticns are most

likely to occur when instruction is closely tuned to the test. ~
x?féblemsuspgcific,to the curriculum structure. Willingham

: . - ,
(1974) observes that TTI effects will be best seen in a

Ysegmented seéuence" of courses ¥e.g., Hathemégicﬁiéburses):ﬁax>
In an "ordered series” of courses, such as in psychology and
.
English curricula, end-of-sequence performance criteria are
often insensitive to treatments occurring at earlier stages. - . _

Even when interzctions do occur, it is npot always certain what interpreta-

tion to make. The utility of outcomes is 2 function not only of student per-

1i




- -13-

formance but of other factors—including the cost 0f instruction. It is impossi-

ble to construct a single criterion scale integrating even performance
plus cost let alone stiil other important factors such as student satisfaction.
Nevertheless, to the degree that local administrators and instructors can incor-

porate judgmental facrors with the TTI apalyses, the results can be useful.

Fror a methedological perspective, the present art of TTI znalysis ha;

-

even further unsolved probiems:
{1) Power. As has already bzen noted, the power of statistical’

tests is low uniess the N is high, but the difficulty cf data

-

collections required for TTI analysis tends to reduce the XN

r

available.

(2) Measuremeat Error. Since measurement error in the placepment

test scores serves to flatten the regression slopes and there-

by mask TTI effects, correction for this attenuation is

desirable. However, this correction cbmplicates tﬁé statis-

tical analysis since the distribution of the corrected slopes

-

is unknown if the reliability is estimated. If the cutting =~
score for the ob§ervé& regression lines 1ies near the group

ﬁeans, then it wili be little affected by any measurement

error correction.

(3) Fixed Predictor Variables. Standard.regression theory assumes

"’

that the predictor variables afe fixed; that is, the observed

-

valurs are predetermined and replicable from sample to sample.

Clearly, this assumption is violated by plaéement tests. The

inferences from the standard analysis are then conditioned on

the observea values of the placement test scores, and general-
izations to situations with other observed values are not

strictly valid. No satisfactory methods .for handling these

problems of inference exist... . = i
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{4) Units of Analysis. In the usua2l classroom situation, students

within a class are not exposed independently to the educational
treatment. Therefore, class membership should be taken into
account in the examination of treatment outcomes. hen students
are treated in groups, IT1 effects have three possible explana-
tions. 7They may arise from the individual’s response to the
treatment, a class effect, or from a comparative effect within
“a class. The examination of between-class and within-class
- regressions is helpfui in separating these interaction effects.
(See Cronmbach & Webb (1975) for an illustration of these
) techniques.) In placement situations each of these three
effects c;n be importéﬁt for the proper allocation of educa—b R
tional resources.

{5) Choice of Cri;erion Variable. The ocutcome measure chosen is

crucial to the success of the TTI study. The criterion measure
should ;éflect the instructional objectives and not vary widely
over different classes or schools if these are to be pooled in

the analysis.

Beyond TTI Anélysis

Over the years since Croﬁbach and Gleser (1965) elaborated possible uses
of decisioﬁ theory in personnel (and othér) common decision problems, much has
been said and written about the potential of such approaches. Because of
theoretical and philosophical issues surrounding applications of decision
theory, however, it has been used iittle"ih practice. In education, it has

not been used at all. A need has existed for simple operational procedures

that might embody some of the basic concepts of utility. Davis, Hickman, and
Novick (1973); Haableton and Novick (1973); and Peterson (1974) have described

utility models for use in both instruction and selection. ) -

,:.- ‘ - | . 16




/A recent paper by Livingston (197%) describes an operational utility-
based approach that may be applicable zo the kind of pl;;enent situvations _
considered in the present paper. The decision ?rgcedure described by Living-
ston is useful when a decision-make: must tale onelof two possible actions, say,
Accept {A) orlxeject“(a)- Or, the choice may be between Accelerated (A) or
Reguilar (R) instruction. If the test score cut-off point is x, a;A the criter-
ion "indifference point" is-j;, . -

u {y,) = urility of action A for person i, . .

u (yi) = utility of action R for person i,

and

then an increasing utility function u and a decreasing utility function u,

may be imagined as showa in Figure 3. The utility of the decision procedure
- )

" is the sum of the utilities of all the individual decisions:

U (Xb) =
x.
i

u (yi) + z u_ (yi)-
x X, >x
o i (]

v ™M

ki

The utility of an ideal procedure is used for comparison (based on knowledge

. of actual.performance):

U (yo) = z v (yi) + z u (4>

: Y 29, ¥y >3,
and a utility ratio,
U =0 (x)
r [« 2P
U (yo)

is computed. Note that, unlike correlation and regression coefficients, Ur is
a function of both x, and Yo Thus, unlike correlation and regression coeffi-, N

cients, Ur is potentially useful to test users not only in evaluating the use- -

fulness of a particular test for their particular purposes, but also in setting

cut-off points (provided they can define their indifference point, yo).

\ (o i7




u(y) = utility

Figure 3. Illustration of one possible cho

*
___From Livingston (1975).

y = criterion
measure

*
ice of utility functioms.

~




There are at least Iwo prodblems with Ur' First, it would be very diffi-

»

cult for test users to construct utility functions 1ike those in Figure 3.
Because of this problen, Livingston suggests that a convention be established,
say, to use simpie s'traight—line funczicns—unless some reason for doing other-
wise exists. A second problem with Ur’ as described, is that it assumes that
there are no censtraints on the nurcbers of persons assigned to A or R. N;:ver-
theless, a deciéion-maker may be wise to consider ths problem initially without

constraints and then to modify the cut—off as suggested by Urwith possible con-

-

straints in mind.
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